Introduction
The primary needs of human being include textiles as a major commodity. It comprises all the items used to protect the body from external environment. Textiles are used to cover as well as protect the body. When the external climatic conditions outmatch the body requirements, some specific fabrics are used to provide the optimum body demands for better comfort feelings. Comfort can be defined as "a pleasant state of psychological, physiological and physical harmony between a human being and the environment" [1] . Clothing plays a vital role in thermoregulatory process as it alters heat loss from the skin and also changes the moisture loss from skin [2] .
Heat transfer phenomenon through textiles is governed by various mechanisms including conduction and convection. The dry heat is transferred from the skin when textile materials get in direct physical contact with skin surface through conduction mechanism, while wet heat is transferred via convection mechanism with the help of moisture on the skin surface through the textile layer. A number of studies have been performed on both the mechanisms using different measurement techniques, modelling as well as materials to describe the effect of various parameters on the heat transfer abilities of the textile structures [3] [4] [5] [6] [7] . Different researchers investigated the effect of fibre, yarn and fabric properties on the thermal comfort performance of different fabrics [8] [9] [10] [11] [12] . Cimilli et. al. [8] investigated the effect of material type used for thermal comfort properties of plain jersey socks by modal, micromodal, bamboo, soybean, chitosan, viscose and cotton fibres. The results obtained suggested that there was statistical significant difference between the fibre type and the thermal resistance of fabrics. Schneider et al. [9] investigated the thermal conductivity of different fibres under moist conditions. Wan et al.
[10] , Schacher et al. [11] and Ramakrishnan et al. [12] explained the effect of fibre fineness on thermal resistance of fabrics. According to them, the microdenier fibre gives low thermal conductivity and higher thermal resistance. Oglakcioglu et al. [13] studied the thermal comfort properties of 1×1 rib knit fabrics with different fibre blend ratios of cotton and angora fibre.
Pac et al. [14] studied the effect of fibre morphology, yarn and fabric structure on thermal comfort properties of fabric. Ozdil et al. [15] investigated the effect of different yarn parameters on thermal comfort of 1×1 rib knitted fabric. They explained that by decreasing count and yarn twist, the thermal resistance increases while moisture vapour permeability decreases. Majumdar et al. [16] found that by the use of finer yarn for knitted fabric formation of plain, rib and interlock structures by blend of bamboo and cotton fibres, the thermal conductivity of fabric reduces.
Khoddami et al. [17] explained that by the use of hollow fibre, the fabric thickness increases which increases the thermal resistance of the fabric. Greyson [18] , Havenith [19] and [20] presented their findings that heat resistance increases by increasing the air entrapped in the fabric as well as fabric thickness. Ucar and Yilmaz [21] have worked on thermal insulation properties of different rib structures made from cotton. Oglakcioglu and Marmarali [22] have studied the thermal comfort properties of different knitting structures. The structures under considerations were single jersey, interlock and 1×1 rib constructions with polyester and cotton fibres. They explained that interlock structure in both fibre types provide the higher thermal resistance due to more thickness of fabric.
Fabric Production
The double layer interlock knitted fabric samples were produced with three different tightness levels (slack, medium and tight) constructing loop lengths of 3.68±0.03 mm, 3.38±0.01 mm and 3.33±0.03 mm, respectively. The change in fabric structure with different tightness factors is evident from Figure 1 . Two sets of samples were produced classified on the basis of comparative higher polyester content in each layer of knitted fabric. In the first set, the polyester content percentage was comparatively higher in inside layer while in second set polyester content percentage was comparatively higher in outside layer. All the samples were fabricated on 18 guage Jacquard interlock circular knitting machine with 30 inches diameter, 1728 total needle count and a positive yarn feeding system. The individual samples fabricated for this study were 36 in number (table 2) . Each individual sample had five replicates constituting total 180 specimens tested for this study.
Fabric Processing
The knitted samples were scoured, bleached and dyed with a liquid ratio of 7:1 before testing to obtain the actual working performance of the fabrics. Fabrics were dyed with disperse as well as reactive dye for polyester and cotton content dyeing to obtain olive green shade, respectively. Fabric dyeing was statistical significant influence on the thermal resistance of the interlock knitted fabrics. It was reported that fabric construction parameters directly affect the air permeability of interlock knitted fabrics [23] .
It is observed that no study has been made on the influence of fibre, yarn and fabric properties on thermal comfort of the double layer knitted fabrics. The objective of this study is to determine the effect of fibre type, composition, yarn and fabric properties on the thermal comfort performance of the double layer interlock knitted fabrics.
Experimental

Yarn Production
Carded ring spun yarns of linear densities 29 tex and 24 tex with polyester/cotton content percentage varying from 40/60 to 65/35 were used for knitting double layer interlock knitted fabric structures. The properties of the yarns are shown in table 1.
The yarns were produced with same raw materials on the same production machinery settings. The twist multiplier for each count of different blend ratios was kept the same, that is, 3.45 and 3.47 for 29 tex and 24 tex, respectively. and 20±2°C temperature. The thermal resistance testing was performed according to ISO 11092:1993 [25] on SDL Atlas M259B sweating guarded hotplate [26] . This instrument is also referred as a skin model used to stimulate the mass and heat transfer process which occur next to the skin surface. The standard sample was placed on the thermal plate enclosed in a controlled environment. The samples were tested in standard conditions for the thermal resistance which were 65±3% R.H, 20±0.1°C air temperature, 1.00±0.05 m/s air speed, 35±0.1°C
followed by finishing for fabric stabilization. The fabric was stretched dry at 32 inch and compacted at 32 inch at a speed of 20-25 m/min and temperature of 100-110°C.
Fabric Testing
The samples were preconditioned in a hot-oven at standard conditions followed by conditioning according to ASTM D 1776 [24] in a standard atmosphere of 65±2% relative humidity Thermal conductivity of the cotton fibre is higher than polyester fibre [27] . It has been reported that thermal conductivity of fabric depends much more on the air entrapped within it than on fibre conductivity [27] . As cotton fibre has convolutions and more crimpy yarn structure, resultantly the air entrapping efficiency is better than polyester fibre yarn. Therefore, the overall thermal conductivity of the fabric decreases by the increase in cotton content percentage in the fabric layers.
Thermal insulation is directly proportional to thermal resistance and inversely proportional to thermal transmittance. Thermal insulation is a property which is highly related to technical performance of textiles. Therefore, as the thermal resistance increases, the thermal insulation increases along with. Therefore, as the thermal insulation of the fabric increases by the increase in cotton content percentage, the thermal transmittance decreases.
Thermal absorptivity is the objective measurement of warm cool feeling of the fabric. Fabrics with a lower thermal absorptivity value have warm feeling and vice versa. It is observed that the thermal absorptivity value increases by decreasing cotton content percentage in an inner layer of the fabric. That was due to a higher thermal conductivity of the polyester fibre. The thermal absorptivity was calculated by using specific heat of the inside layer of the fabric which would be in contact with the body during use.
thermal guard temperature and 35±0.1°C measuring unit temperature. The results obtained for thermal resistance of the fabric had the units of m 2 K/W.
Results and Discussion
The effects of different fabric parameters on thermal comfort performance were analysed statistically using Minitab® statistical tool. The correlation analysis of different fabric properties with thermal resistance of the double layer knitted fabric is given in table 3.
It is evident from the correlation analysis that cotton content percentage in both layers of the fabric was found statistically significant (p-value<0.05) with a positive Pearson correlation coefficient. The highest positive Pearson correlation was found for cotton content percentage in both layers followed by loop length and fabric thickness. The fabric areal density had negative Pearson correlation coefficient value.
The effects of different parameters on thermal performance of the double layer fabric were analysed keeping all other parameters constant at their middle level values. The middle level values of the parameters are cotton content percentage outside at 47.5%, cotton content percentage inside at 47.5%, yarn linear density at 26.82tex, loop length at 3.503mm, fabric thickness at 1.23mm and fabric areal density at 402.1g/m 2 .
Effect of Cotton Content Percentage Inside and Outside on Thermal Performance
It is evident from Figure 2 that cotton content percentage is directly proportional to thermal resistance of the fabric. As cotton content percentage increases in inside layer, the thermal resistance also increases proportionally. Furthermore, the same relationship of thermal resistance was observed with the cotton content percentage outside. The specific heat of the cotton fibre is relatively higher than polyester fibre [27] , therefore as cotton fibre content percentage increase in any layer also increases the specific heat of the overall fabric due to which higher amount of energy is required to raise the temperature and transfer the heat on the other side of the fabric. As a result of increase in fabric specific heat, the thermal resistance increases correspondingly. 
Effect of Loop Length and Areal Density on Thermal Performance
It is evident from Figure 6 that thermal resistance decreases as the areal density increases proportionally. The loop length was found in direct proportion with thermal resistance of the fabric. The thermal resistance increases by increase in loop length of the fabric. This is due to increase in air gaps generated by increase in loop length of the fabric. As air is a good thermal insulator, therefore increase in air gaps results in improved thermal resistance.
The effects of thermal absorptivity and conductivity on loop length and areal density were found similar as shown in Figure  7 . As the areal density of the fabric increases, the thermal conductivity also increases due to increase in conductivity of the overall structure by increase in contact points and fibrous material. This leads to a decrease in thermal resistance in same accord.
On the contrary, it is evident that the effect of loop length on the thermal conductivity and absorptivity was in direct proportion. As discussed before that thermal resistance was also increases by an increase in loop length. The increase in It is evident from Figure 3 that the thermal absorptivity of inside layer was also affected by cotton content percentage of outside layer, but this effect was found very less as compared with inside layer. At the interlacement points of two layers, the outside layer yarn comes in contact with an inside layer yarn and hence changes the total specific heat and conductivity of the fibres at that point. This change in specific heat and conductivity at interlacement point causes the influence of outside layer fibre content on the thermal absorptivity of inside layer of the double layer fabric.
Effect of Yarn Linear Density and Fabric Thickness on Thermal Performance
It was observed that yarn linear density and fabric thickness are in direct proportion with a thermal resistance of the fabric as shown in Figure 4 . When the fabric thickness increases, the air gaps in the fabric structure increases. As the air is a good thermal insulator, therefore by increasing fabric thickness the thermal resistance increases as well. In the same consideration, as yarn linear density (tex) increases the fabric thickness also increases due to higher yarn diameter and ultimately the resultant fabric thickness. Hence, increases in the thermal resistance of the fabric.
As thermal resistance increases due to increase in yarn linear density and fabric thickness, the thermal insulation increases as well. The effect of yarn linear density and fabric thickness on thermal conductivity and thermal absorptivity was observed very much similarly as shown in Figure 5 .
It was observed that thermal conductivity and absorptivity decreases sharply by increase in yarn linear density. The effect of fabric thickness on thermal conductivity and absorptivity is in direct proportion with each other. This is explained on the fact that by increase in fabric thickness, the fibre weight per unit area increases. This increase in fibrous material, having a higher thermal conductivity than air, increases their contact points with each other and influences the convenient heat flow across the fabric layers. thermal resistance and thermal conductivity at the same time by an increase in loop length is explained due to decrease in fabric thickness proportionally and change in pore structure. 
Conclusion
It is concluded that the thermal resistance of double layer fabric depends upon the fibre type and blend percentage used in each fabric layer. The dependence of thermal insulation on fibre type is governed by the specific heat of the fibre. The thermal resistance of the fabric increases by increasing the percentage of fibre having higher specific heat. It was also concluded that the yarn linear density, loop length and fabric thickness are in direct proportion with thermal insulation of the fabric. The fabric areal density was found in an inverse proportion to the thermal resistance of double layer fabric. The thermal absorptivity of the fabric decreases by decreasing fabric areal density and by increasing cotton content, yarn linear density and fabric thickness. Therefore, double layer fabric having higher yarn linear density (tex), fabric thickness and loop length with lower fabric areal density could be adequately used for winter clothing.
